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Energy Storage Opportunities at Medium Voltages (3-20 kV)

ωMany Energy storage opportunities require power electronics 
that can enable conversion efficiencies needed for making 
energy storage viable

ωSilicon Carbide high voltage devices will play a pivotal role
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ωBidirectional, 
isolated DC-AC 
Power Conversion 
systems needed

ωHigh Efficiencies are 
needed due to two-
way power flow

ωCompact systems 
help in wider 
deployments

ωLow Frequency 
Transformer 
occupies space

Battery Energy Storage Power Electronics Architectures

PWM
DC-AC
inverter

Low freq. 

transformer

800 Vdc

Nom.

480 V

AC rms

CEC h=95%
h=99%

15 kV
class

Isolated
DC-DC 

converter

Isolated
DC -DC 

converter
800 Vdc

Nom.

CEC h=98%

Multilevel
DC -AC
inverter

15 kV

class



Energy Efficiency Through Innovation 4

Calculated Loss Comparisons at 1 MVA

Active 

Power (MW)

Reactive 

Power 

(MVAR)

Loss (W)

1 0 3064

0.8 0.6 4175

0.6 0.8 5330

Table 1: Medium Voltage/Low Current Side 
loss even at 1 MVA operation.

Active 

Power 

(MW)

Reactive 

Power 

(MVAR)

Loss 

(kW)

1 0 32

0.8 0.6 27

0.6 0.8 23

Table 2: Low Voltage/ High Current  
Side Loss
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Why SiC Power Devices?
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DŜƴŜ{ƛ/ΩǎPower Discrete and Module Roadmap
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Ultra High Voltage devices

6.5 kV

50 A 200 A 1000 A

SiCMOSFETs, Thyristorsand Rectifiers

10 kV
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ω{ƛ/ tƭŀƴŀǊ 5ah{C9¢ǎ ŦŀōǊƛŎŀǘŜŘ ƻƴ ор ҡƳ ǘƘƛŎƪΣ ҒнΦуȄмл15 cm-3

doped N- drift epilayers

ωThe device design space constituted different JFET Doping Profiles, 
Channel Lengths and JFET spacings

Device Design and Fabrication
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ω2.74 mm x 2.74 mm 
die
ςActive Area = 0.046 cm2

ωRon,spof 17.0 ƳҠ-cm2, 
and breakdown 
voltage of 4600 V 
measured at 25̄C

ωBV close to theoretical 
limit for 35 µm/3x1015

cm-3 thick N- drift layer

ωVTHextracted as 2.4 V 
(at ID = 5 mA) 

Output and Blocking Characteristics
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ωBreakdown voltage increases linearly with measurement 
temperature

ωExtracted temperature co-efficient of avalanche breakdown as 
1.33 V/̄ C

Breakdown Voltage Variation with Temperature

PowerSupply Resolution = 2 µA
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50kW Test Bench

Triple Active Bridge:

Ʒ Integration of photovoltaic and energy 

storage

Triple Active Bridge Setup at FREEDM 

System Center (50 kW)


